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Objective: The effect of training on outcomes in cardiac surgery is poorly studied. We aimed to study the results
of coronary artery bypass grafting procedures performed by surgeons in training across our state with respect to
short- and midterm postoperative outcomes.
Methods: All coronary artery bypass grafting surgeries performed by trainee surgeons between July 2001 and De-
cember 2006 were compared with those performed by consultant surgeons using mandatory prospectively collected
statewide data. Early mortality; prolonged ventilation or intensive care unit stay; return to operating theater for bleed-
ing, stroke, myocardial infarction, or renal failure; and 5-year survival were compared using propensity score analysis.
Results: A total of 7745 surgeries were included in this study. Trainees performed 983 (13%) surgeries. Trainee
surgeries had longer perfusion and crossclamp times. Crude early postoperative outcomes were similar between
trainee and consultant surgeries. After propensity score adjustment, early outcomes remained similar, with the
exception of myocardial infarction (0.8% in trainee surgeries vs 0.4% in consultant surgeries, P ¼ .046). Ad-
justed 1-, 3-, and 5-year survivals were similar between trainee and consultant surgeries: 95.3% versus
95.5%, 90.8% versus 92.0%, and 86.3% versus 87.1%, respectively.
Conclusion: Coronary artery bypass grafting performed by trainee surgeons within a supervised program is safe
with acceptable short- and midterm outcomes.
Acquired Cardiovascular Disease Yap et alEarn CME credits at
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Training residents in cardiac surgery poses many potential
concerns. Given the complexities and lack of minor cases
in cardiac surgery, training cardiac surgeons has the poten-
tial to lead to longer operating times and poorer patient out-
comes. However, the need to train future cardiac surgeons
requires trainees to operate under appropriate levels of su-
pervision. Hence, a tension exists within cardiac surgical
units and between individual consultant surgeons to strike
a balance between attaining the highest possible standard
of care for patients and the duty to train future surgeons.1
The volume of surgeries performed by individual sur-
geons2 has been shown to be an important determinant of
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monitoring of outcomes in cardiac surgery and the increas-
ing interest in public reporting of cardiac surgical outcomes
have resulted in high levels of scrutiny of individual cardiac
surgeon’s outcomes.3,4 There is concern that these factors
may lead to less opportunity and experience for trainee sur-
geons. The recent moves to reduce working hours of junior
medical staff without a commensurate increase in the inten-
sity and efficiency of training programs has the potential to
compound this issue.5
In light of these concerns, it is important to study the effect
of current surgical training on outcomes in cardiac surgery.
There has been little attention given to this subject to date
with studies being limited to single institutions and to an
analysis of only early postoperative outcomes.6-13 We aimed
to study the impact of trainee cardiac surgeons performing
coronary artery bypass grafting (CABG) procedures across




First-time isolated CABG surgeries performed by trainee or consultant
surgeons between July 1, 2001 and December 31, 2006 were included in
the study. Patients undergoing emergency procedures or those who have
had previous cardiac surgery were excluded. Data were prospectively col-
lected as part of the Australasian Society of Cardiac and Thoracic Surgeons
(ASCTS) database project. This is a statewide data collection project of car-
diac surgery procedures in the state of Victoria, Australia with mandatory
participation of all 6 government-funded adult cardiac surgical institu-
tions.14 The participating institutions during the study period were Royalrgery c May 2009




ASCTS ¼ Australasian Society of Cardiac and
Thoracic Surgeons
CABG ¼ coronary artery bypass grafting
CI ¼ confidence interval
ICU ¼ intensive care unit
MI ¼ myocardial infarction
OR ¼ odds ratio
Melbourne Hospital, the Alfred Hospital, Monash Medical Centre, Geelong
Hospital, Austin and Repatriation Medical Centre, and St Vincent’s Hospi-
tal Melbourne. Four of the 6 hospitals involved in the study had a single car-
diac surgery trainee post during the entire study period. One hospital had 2
trainee posts during the entire study period, and 1 hospital was not a training
hospital. Individual trainee appointments to hospitals are usually for only 1
year and never exceeded 2 years.
The ASCTS database contained detailed information on patient demo-
graphics, preoperative risk factors, operative details, postoperative hospital
course, and morbidity and mortality outcomes. This data were collected pro-
spectively using an agreed data set and definitions15 as part of clinical care
by surgeons, perfusionist, resident medical officers, and database managers.
Thirty-day mortality information was obtained by telephone contact with
patient, family member, or medical practitioner. The data were subject to ex-
ternal audit measures with an overall data accuracy of 97.4% recently re-
ported.16 The institutional review board of each participating hospital had
previously approved the use of these databases for research and hence,
the need for individual patient consent was waived for this study.
Midterm survival status of patients was obtained from the Australian
National Death Index. The closing date was December 31, 2006.
Study End Points
The outcomes of surgeries performed by trainee surgeons were compared
to those performed by consultant surgeons. Trainee surgeries were those in
which the trainee performed the entire operation as the primary surgeon or
the majority of the critical parts of the operations, such as most of the distal
coronary anastomoses. In the former situation, consultant supervision varied
depending on the level of training of the trainee surgeon, ranging from the
consultant surgeon assisting the trainee throughout the surgeries to the con-
sultant surgeon being available, but not directly present in the operating
room. Our primary study end points, defined before analysis, were 7 early
postoperative serious events. These were 30-day mortality; prolonged venti-
lation (greater than 24 hours); intensive care unit (ICU) stay greater than 21
hours (21 hours is the median ICU stay duration); return to the operating the-
ater for bleeding, myocardial infarction (MI), stroke; and new renal failure.
MI was defined as at least 2 of the following: cardiac enzyme elevation
(creatinine kinase-myocardial band [CK-MB]> 30 U/L or troponin> 20
mg/L), new wall motion abnormalities, and new Q waves on at least 2 serial
electrocardiograms. New renal failure was defined as at least 2 of the follow-
ing: serum creatinine increased to>0.2 mmol/L, doubling or greater increase
in serum creatinine over the preoperative value, and a new requirement for
renal replacement therapy. Our secondary end point was midterm survival.
Statistical Analysis
Descriptive data are expressed as the mean standard deviation. The level
of statistical significance (a) was set at .05 (two-sided). Baseline characteris-
tics, operative factors, and univariate outcomes were compared between sur-
geries performed by trainee surgeons and those by consultant surgeons with
2-sample tests. The Wilcoxon rank-sum test and the chi-square test were used
for group comparisons among continuous and categorical variables, respec-The Journal of Thoracic and Ctively. To control for confounding, a propensity score was calculated from
a logistic regression as the probability of the surgery being performed by
a trainee surgeon, given all the baseline preoperative variables. Variables
entered into the propensity model were age; sex; obesity; current smoker;
history of diabetes; hypercholesterolemia; hypertension; cerebrovascular
disease; peripheral vascular disease; renal failure; respiratory disease; recent
MI; congestive heart failure; unstable angina; New York Heart Association
class; Canadian Cardiovascular Class; 3-vessel disease; severe left ventricu-
lar impairment; left main stenosis; use of intravenous nitrates, aspirin, clopi-
dogrel, anticoagulants, or steroids at time of surgery; recent thrombolysis; and
urgent status. The propensity score and the surgeon variable were then forced
into a logistic regression model for each end point studied to obtain the
adjusted odds ratio (OR) for the trainee surgeon status. Kaplan-Meier analysis
was used to assess midterm survival. Midterm survival was further adjusted
for the propensity score by incorporating the propensity score and surgeon
status into a Cox-proportional hazard model. Differences in midterm survival
were assessed by the log-rank tests. Stata version 9.2 (StatCorp, College
Station, TX) was used for statistical analysis.
RESULTS
A total of 7745 CABG surgeries were included in this
study. Trainees performed 983 (12.7%) surgeries. Table 1
shows the patient characteristics. There were some
TABLE 1. Preoperative characteristics of patients undergoing





(n ¼ 6762) P
Age (meanþSD) 65.7þ9.6 65.8þ10.4 .73
Males (%) 76.9 76.4 .75
Risk factors
Current smoker (%) 22.5 20.1 .14
Diabetes (%) 30.3 33.4 .05
Hypercholesterolemia (%) 80.5 82.0 .26
Hypertension (%) 76.7 74.2 .09
Cerebrovascular disease (%) 9.7 11.6 .07
Peripheral vascular disease (%) 12.8 13.8 .41
Renal failure (%) 1.0 2.8 .004
Respiratory disease (%) 88.2 86.7 .20
Cardiac history
Previous PCI (%) 10.7 10.7 .97
Myocardial infarction
within 21 d (%)
32.6 33.3 .77
History of congestive heart
failure (%)
17.0 20.0 .02
Unstable angina (%) 28.1 29.6 .35
NYHA (%) class III–IV 22.7 26.9 <.001
Number of diseased vessels (%)
1 5.3 4.3 <.001
2 28.1 20.4 <.001
3 66.6 75.3 <.001
Left main stenosis>50% (%) 24.6 23.2 .33
Left ventricular function (%)
Normal (EF>60%) 55.8 49.3 <.001




Severe impairment (EF<30%) 2.0 5.0 <.001
PCI, Percutaneous coronary intervention; NYHA, New York Heart Association; EF,
ejection fraction; SD, standard deviation; EF, ejection fraction.ardiovascular Surgery c Volume 137, Number 5 1089
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the trainee and consultant groups. Trainees were less likely
to operate on patients with renal failure, a history of conges-
tive heart failure, advanced New York Heart Association
class, or those with 3-vessel disease and subnormal left ven-
tricular ejection fraction. Table 2 displays important differ-
ences in operative variables. Most surgeons in this study
use a single aortic crossclamp technique (partial occlusion
clamp not used for proximal anastomoses), which is re-
flected in these results of crossclamp and perfusion times.
Trainee surgeries had longer perfusion and crossclamp
times. When adjusted for the number of distal anastomoses
performed, trainees on average took 5 minutes longer for
each distal anastomosis. Trainees performed surgeries with
fewer distal anastomoses compared with consultant surger-
ies (3.0 vs 3.3, P< .001). There were no significant differ-
ences with regards to the use of off-pump CABG or
internal thoracic artery usage.
There were no differences in the incidence of the primary
end points studied between trainee and consultant surgeries,
as shown in Table 3. Thirty-day mortality was 1.8% and
1.4% (P ¼ 0.32) and MI rate was 0.8% and 0.4% (P ¼
.06) for trainee and consultant surgeries, respectively. The
propensity score model constructed performed well with
a c-index of 0.74. The model balanced the variables well
across propensity quartiles, with 89 of 104 variables being
TABLE 2. Operative variables for trainee and consultant surgeries
Variable Trainee Consultant P
Off-pump operation (%) 7.6 8.2 .53








Internal mammary artery used 98.2 97.2 .08
No. distal anastomoses (mean) 3.0 3.3 <.001
No. of distal anastamoses (%)
X1 3.9 3.2 .29
X2 24.7 15.1 <.001
X3 43.7 39.8 .02
>X3 27.7 41.9 <.0011090 The Journal of Thoracic and Cardiovascular Susimilar between groups. After adjusting for the propensity
score, trainee status was significantly associated with MI
(OR 2.26, 95% confidence interval [CI] 1.02 to 5.02, P ¼
.046). There were no differences in the adjusted incidence
of 30-day mortality, prolonged ventilation or ICU stay, re-
turn to operating theater for bleeding, stroke, or new renal
failure (Table 3).
Midterm survival data were available on the 7044
(90.9%) of study patients. Of these, trainees had performed
912 (13.0%) and consultants had performed 6132 (87.0%)
of the surgeries. At a median postoperative interval of 1287
days or 3.5 years, overall crude survival was similar at
93.4% of trainee surgeries and 93.6% of consultant surger-
ies (P¼ .94). When adjusted for propensity score, the trainee
status was not associated with midterm survival (hazard ratio
1.03, 95% CI 0.79 to 1.35, P¼ .83). Kaplan-Meier survival
curves, adjusted for the propensity score, for the 2 groups are
shown in Figure 1. There were no significant differences in
adjusted survival at 1, 3, and 5 years between trainee and
consultant surgeries: 95.3% versus 95.5%, 90.8% versus
92.0%, and 86.3% versus 87.1%, respectively.
DISCUSSION
We have shown that the current system of trainee sur-
geons performing CABG procedures in a closely supervised
environment in accordance with trainees’ level of training
allows for patient outcomes that are acceptable in compari-
son to surgeries performed by consultant surgeons. The
Australian system of training, overseen by the Royal Aus-
tralasian College of Surgeons, allows for 4 core years of car-
diothoracic training, during which a trainee is expected to
assume increasing levels of responsibility for leading cardiac
operations. In general, trainees in cardiac surgery have un-
dergone a minimum of 3 resident medical officer years in
surgery following an intern year, 2 years as general surgery
trainees, and then 4 trainee years in cardiac surgery. Cardiac
surgery trainees learn the component procedures of conduit
harvest, sternotomy, and cannulation in their first 2 years and
perform entire operations in their third and fourth years. By
the fourth year of training, the trainee is expected to be able
to perform CABG procedures without the consultant sur-
geon directly assisting the trainee. This system is similarTABLE 3. Study outcomes for trainee and consultant surgeries
Outcome Trainee Consultant P Adjusted OR (95% CI) P
Mortality 18 (1.8) 96 (1.4) .32 1.48 (0.89–2.46) .13
Ventilation>24 h 82 (8.3) 492 (7.3) .23 1.21 (0.94–1.54) .13
ICU>21 h 500 (51.3) 3622 (53.9) .14 0.93 (0.82–1.07) .32
RTT for bleeding 23 (2.3) 160 (2.4) .96 1.02 (0.65–1.59) .93
MI 8 (0.8) 26 (0.4) .06 2.26 (1.02–5.02) .046
Stroke 15 (1.5) 74 (1.1) .23 1.53 (0.87–2.68) .14
New renal failure 37 (3.8) 252 (3.7) .96 1.09 (0.77–1.55) .63
Percentages are given in parentheses. OR, Odds ratio; CI, confidence interval; ICU, intensive care unit; RTT, return to operating theater; MI, myocardial infarction.rgery c May 2009
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relies on the judgment of the supervising surgeon to resolve
the tension between achieving the highest standard of care
for each individual patient and the requirement to train future
surgeons. The trainee surgeries are thus likely to be, on av-
erage, lower-risk surgeries, which is reflected in the lower
incidence of several comorbidities related to the severity
of coronary artery disease such as diabetes and renal failure,
the lower incidence of left ventricular impairment, and the
fewer number of coronary grafts.
The MI rate in trainee surgeries was 0.8% compared with
0.4% in consultant surgeries. This difference was not signif-
icant in an unadjusted comparison. However, with adjust-
ment for differences in patient characteristics using
propensity scoring, this difference was significant. Neverthe-
less, the MI rate in the trainee group of<1.0% is comparable
to if not better than other centers.6,8,12,17,18 Importantly, it
was not associated with an increase in either early or midterm
mortality.
There is increased scrutiny of cardiac surgical results by
the public and payers, with publication of individual surgeon
and institutional results in several health care systems.3,4 In
this climate, it is incumbent on the surgical profession to up-
hold the culture of training1 within our tertiary hospital insti-
tutions while maintaining a high level of patient care.
Studies such as this and others6,8,11,13 are important to audit
trainee performance and to reassure the public and payers
that good patient outcomes are being achieved. Importantly,
we are able to show that in addition to acceptable early post-
operative outcomes, midterm survivals of trainee-performed
surgeries are good at 86%, and not different to consultant
surgeries. Such evaluation of midterm outcomes is vital as
small variations in the quality of surgical care may not be
manifest in the early postoperative period.
Our findings are consistent with studies from various Euro-
pean and North American institutions.6-13 These studies are
mostly single-institution analyses that show no significant in-
crease in early morbidity and mortality among trainee surger-
FIGURE 1. Five-year survival curve, adjusted for propensity score, for pa-
tients undergoing coronary artery bypass grafting by trainee and consultant
surgeons.The Journal of Thoracic and Cies. However, such single-institution studies may not be
representative of the real world, as they may be derived
from centers of excellence and subject to strong publication
bias. The only 2 multi-institutional studies are from the De-
partment of Veterans Affairs Cooperative Study on Valvular
Heart Disease9 and the Society of Thoracic Surgeons data-
base.13 The latter study compared the early outcomes of iso-
lated CABG surgeries from units that had a residency training
program compared with units that did not have a residency
program. They found no difference in adjusted early mortal-
ity, stroke, or renal failure but higher rates of ‘‘any reopera-
tion,’’ prolonged ventilation, and prolonged length of stay.
There are some limitations to this study. First, it is an ob-
servational study and thus may not have adequately adjusted
for the case mix despite the use of propensity score methods.
Second, we did not treat the allocation of surgeries on an in-
tent-to-treat basis. Hence, cases in which the trainee started
the surgery but it was completed by the surgeon due to prob-
lems arising early in the course of the surgery would almost
certainly have been listed as a consultant surgery. However,
this can be seen as a real-world assessment of the current
system of training, which maintains safe patient outcomes.
Third, the definition of a trainee surgery is in some surgeries
imprecise. There would have been a minority of surgeries
where the surgeon may have performed 1 out of 3 or more
distal coronary anastamoses. This would have been variably
listed as a trainee surgery depending on the individual
trainee’s perception of the surgery. Furthermore, where the
trainee had performed the entire surgery, the degree of con-
sultant supervision could have varied from the consultant
being scrubbed and assisting the trainee throughout the sur-
gery to surgeries where the consultant was available but not
present in the operating theater. Finally, we have only stud-
ied survival as a midterm outcome. The study of other mid-
term outcomes such as freedom from revascularization or
return of angina would be desirable.
In conclusion, CABG can be performed safely by trainee
surgeons within a supervised training program with accept-
able short- and midterm outcomes.
The Australasian Society of Cardiac and Thoracic Surgeons
(ASCTS) Cardiac Surgery Database is an initiative of the ASCTS
and is funded by the Department of Human Services, Victoria.
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